In this paper we address the problem of uniform verification of parameterised timed systems (PTS): "does a given safety state property hold for a system containing n identical timed components regardless of the value of n? ". Our approach is compositional and consequently it suits quite well such systems in that it presents the advantage of reusing existing local characterisations at the global level of system characterisation. Additionally, we show how a direct consequence of the modelling choices adopted in our framework leads to an elegant application of the presented method to topologies such as stars and rings.
Introduction
Swarm robots, satellite systems, multithreaded programs, ad-hoc networks, device drivers, all these applications have in common a structural characteristic: they rely on multiple copies of the same program interacting between each other, that is, they constitute systems parameterised by some components which are being replicated. Though the individual "replicas" may not involve a too complicated code in itself, the systems containing them are quite complex. The inherent complexity has several sources: it may come from that the systems are considerably large, as it is the case for swarm robots, or from that, effectively, their size cannot be a priori known, as it is the case for satellites. Yet another delicate matter is that these systems are highly dynamic and adaptable as their topology may change depending on initial goals, component failures, etc. All in all, the verification of such parameterised systems reveals real challenges.
There is an extensive amount of work on the verification of untimed parameterised systems. Some [14, 17, 22, 26, 31, 32] focus on particular classes for which the problem of uniform verification is decidable. Among these classes, we name well-structured transition systems [1, 20, 21] for which decidability follows from the existence of a so-called well-quasi ordering between states. Two examples that fit this class are Petri nets, and lossy channel systems. Most notably, the work in [32] shows that, for bounded-data parameterised systems and for a restricted fragment of properties there is always a small number n (the so-called cutoff, later leading to small model theorems) such that if one can show correctness for the systems with less than n replicas then the system itself is correct. Others focus on incomplete but general methods: semi-automatic approaches based upon explicit induction [18] and upon network invariants [4, 29, 30, 34] or automatic ones based upon abstraction [11, 12] , upon regular model-checking (for a survey [6]), or upon symmetry reduction [19] .
In this paper we address the problem of uniform verification of parameterised timed systems (PTS). The existing approaches are less numerous than for untimed systems. The work in [3, 5] concentrates on decidability: the authors show the decidability of the reachability of PTSs where processes are timed automata with either only one clock or otherwise time is discrete. These results have been later generalised to timed ad hoc networks in [2] where it is shown that even for processes as timed automata with one clock, for star topologies where the diameter between nodes is of length 5, the reachability problem is undecidable. It is also the case for processes with 2 clocks and clique topologies. Decidability holds for special topologies as stars with diameter 3 and cliques of arbitrary order for processes as timed automata with 1 clock. For discrete time, reachability is decidable for any number of clocks and topologies as graphs with bounded paths. As a side remark, all the positive results above rely on the technique of well-quasi-orderings mentioned above. The approaches in [15, 16, 27] are closer in spirit to ours. The work in [15, 16] shows how reachability of parameterised systems where processes are timed automata can be encoded as a formula in a decidable fragment of the theory of arrays [23] . The work in [27] concentrates upon parameterised rectangular hybrid automata nets. They show a small model theorem for such systems. The proof typically follows the lines from the one showing the existence of cutoffs in [32] .
Our approach borrows from [27] and builds upon the methodology described in [10] . There, a compositional method is introduced for the verification of fixed size timed systems. It did so by locally computing invariants for each component and for their interactions and checking with an SMT solver, Z3 1 , if their conjunction implies the validity of a given safety property. The method being compositional suits quite well parameterised systems in that it presents the advantage of reusing existing local characterisations at the global level of system characterisation. Applying the method in the context of PTSs boils down to giving an effective method of checking the validity of quantified formulae. This is not obvious because, for instance, Z3 fails while trying to instantiate it to disprove it. At a first thought, one could apply some tactics which make extensive use of transitivity and practically reduce the formula to a tautology. However, to do this, one would need to transform the initial formula into disjunctive normal form, which is costly. At a second thought, following the reasoning from [15], we could show that the formula we feed to Z3 fits well in the theory of arrays. However,
